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SPECIFICATION 

PHASE -CHANGE MEMORY DEVICE 

5 [Technical Field] 

This invention relates to an electrically rewritable 
phase-change memory device (ovonic memory device) which 
stores a resistance value determined due to a phase change 
between crystalline and amorphous states of a memory 
10 material as information in a non-volatile manner. 

[Background Art] 

Prior ]cnown electrically rewritable semiconductor 
memory devices are generally categorized into volatile 

15 memories and nonvolatile memories. Whereas volatile 
memories include DRAMs and SRAMs, nonvolatile memories 
include EEPROM flash memories such as those^^Qp^he NAND or 
NOR type or the like. The DRAMs and SRAMs are featured by 
high-speed random accessibility; the flash memories 

20 feature large capacity and long-term data retainability . 
The ones with nonvolatility which are capable of offering 
high-speed random accessibility also include ferro- 
electric RAMs using ferroelectric films. In these prior 
art semiconductor memories, they must have, without fail, 

25 transistors for use as the constituent parts or components 
thereof . 

In a cell array configuration which is deemed ideal 
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for use with RAMs, the use of rows and columns of select 
signal lines is inevitable as far as the cell array is 
organized into the form of a row/column matrix. If no 
wiring lines other than these row/column select lines are 
5 formed, then the cell array becomes simpler in 

configuration; however, in the prior art semiconductor 
memories, the cell array has been configured with 
increased complexities as a result of addition of power 
supply lines and data lines other than the above-noted 

10 signal lines. Additionally, memory cells are such that 
when miniaturization further progresses, it is difficult 
to maintain the characteristics thereof. 

From these viewpoints, cells which utilize the nature 
of composition matter per se as a data state are expected 

15 to become more important in advanced memory technologies 
of the next generation in near future. As a promising one 
adaptable for use in such technologies, there has been 
proposed a phase-change or ovonic memory which utilizes a 
phase transition between crystalline and amorphous states 

20 of a chalcogenide-based glass material. The memory of 

this type utilizes the fact that a resistance ratio of the 
amorphous state to the crystalline state of the 
chalcogenide is as large as 100:1 or more to store therein 
such different resistance value states as information. 

25 The chalcogenide glass has already been used in 

rewritable optical disks or else. Here, a difference of 
the refractivity of chalcogenide due to a phase change is 
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used. This phase change is reversible, and any change can 
be controlled by adequately designing the way of heating, 
wherein the heating technique is controllable by the 
amount of a current flowing in this material. A trial for 
5 memory cells utilizing the feature of this material has 
been reported (for example, see Jpn. J. Appl . Phys. 
Vol. 39 (2000) PP. 6157-6161 Part 1, NO. 11, November 2000 
"Submicron Nonvolatile Memory Cell Based on Reversible 
Phase Transition in Chalcogenide Glasses" Kazuya Nakayama 
10 et al) . 

[Disclosure of Invention] 

An object of this invention is to provide a 
rewritable phase-change memory device which has a 
15 preferred cell array configuration and stores resistance 
value information due to a phase -change in a nonvolatile 
manner . 

A phase -change memory device in accordance with one 
embodying mode of this invention has a substrate, a 

20 plurality of first parallel wiring lines formed above the 
substrate, a plurality of second parallel wiring lines 
formed above the substrate to cross the first wiring lines 
while being electrically insulated therefrom, and a 
plurality of memory cells disposed at respective crossing 

25 points of the first wiring lines and said second wiring 
lines, each the memory cell having one end connected to 
the first wiring line and the other end connected to the 
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second wiring line, wherein the memory cell includes a 
variable resistive element for storing as information a 
resistance value determined due to phase-change between 
crystalline and amorphous states thereof, and a Schottky 
diode connected in series to the variable resistive 
element. 

A phase -change memory device in accordance with 
another embodying mode of this invention has a 
semiconductor substrate, a plurality of semiconductor 
layers formed in the semiconductor substrate so that these 
are arrayed in a matrix form while being partitioned by an 
element isolation dielectric film, diodes each formed at 
its corresponding semiconductor layer with a metal 
electrode as a terminal electrode, the metal electrode 
being formed at part of a surface of each the 
semiconductor layer, a plurality of first wiring lines 
provided to commonly connect the diodes as arrayed in one 
direction of the matrix, an interlayer dielectric film 
covering the first wiring lines, metal plugs buried in 
space portions of the first wiring lines of the interlayer 
dielectric film and being in ohmic contact with each the 
semiconductor layer, a chalcogenide layer being formed 
above the interlayer dielectric film and having its bottom 
surface in contact with the metal plugs, and a plurality 
of second wiring lines provided to cross the first wiring 
lines while being in contact with an upper surface of the 
chalcogenide layer . 



A phase-change memory device in accordance with 
another embodying mode of this invention has an insulative 
substrate, a plurality of first wiring lines formed in 
parallel with each other above the insulative substrate, 
5 memory cells being formed over each the first wiring line 
so that one end is connected to each the first wiring line, 
each the memory cell having a stacked structure of a 
variable resistive element and a diode, the variable 
resistive element storing as information a resistance 

10 value determined due to phase-change between crystalline 
and amorphous states thereof, and a plurality of second 
wiring lines formed over the memory cells to commonly 
connect together the other end portions of the memory 
cells arrayed in a direction crossing the first wiring 

15 lines. 

A phase -change memory device in accordance with 
another embodying mode of this invention has an insulative 
substrate and a plurality of memory cell arrays stacked 
over the insulative substrate, wherein each the memory 

20 cell array includes a plurality of first wiring lines 
extending in parallel with each other, a plurality of 
memory cells being formed above each the first wiring line 
in such a manner that one end is connected to each the 
first wiring line and each comprising a stacked structure 

25 of a variable resistive element and a diode, the variable 
resistive element storing as information a resistance 
value determined due to phase-change between crystalline 
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and amorphous states thereof, and a plurality of second 
wiring lines formed above the memory cells to commonly 
connect the other ends of the memory cells arrayed in a 
direction crossing the first wiring lines. 
[Brief Description of Drawings] 

Fig. 1 is a diagram showing an equivalent circuit of 
a cell array in accordance with an embodiment of this 
invention. 

Fig. 2 is a plan view diagram of same cell array. 

Fig. 3A is a cross-sectional diagram as taken along 
line I-I' of Fig. 2. 

Fig. 3B is a sectional diagram taken along line II- 
II' of Fig. 2. 

Fig. 3C is a sectional diagram along line III-III' of 
Fig. 2. 

Fig. 4 is a sectional diagram of a substrate for 
explanation of a manufacturing process of the cell array. 

Fig. 5 is a diagram showing an element isolation 
process step of the same. 

Fig. 6 is a sectional diagram showing a formation 
process of diodes and word lines of the same. 

Fig. 7 is a sectional diagram showing a process for 
formation of an interlayer dielectric film and for contact 
formation of the same. 

Fig. 8 is a sectional diagram showing a metal plug 
burying process of the same. 

Fig. 9 is a sectional diagram showing a process for 



forming a chalcogenide layer and bit lines of the same. 

Fig. 10 is a sectional diagram showing another cell 
array structure in a way corresponding to Fig. 3A. 

Fig. 11 is a sectional diagram showing still another 
5 cell array structure in a way corresponding to Fig. 3A. 

Fig. 12 is a sectional diagram showing yet another 
cell array structure in a way corresponding to Fig. 3A., 

Fig. 13 is a sectional diagram showing a further 
another cell array structure in a way corresponding to 
10 Fig. 3A. 

Fig. 14 is a plan view of another cell array. 

Fig. 15A is a sectional diagram along line I- I' of 
Fig. 14. 

Fig. 15B is a sectional diagram along line II-II' of 
15 Fig. 14. 

Fig. 16 is a sectional diagram showing a word- line 
formation step in the fabrication process of the cell 
array. 

Fig. 17 is a sectional diagram showing a diode 
20 formation process step of the same. 

Fig. 18 is a sectional diagram showing a diode 
isolation step of the same. 

Fig. 19 is a sectional diagram showing a 
planarization step using an interlayer dielectric film of 
25 the same . 

Fig. 20 is an equivalent circuit diagram showing a 
stacked structure example of a cell array with shaped bit 
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lines . 

Fig, 21 is an equivalent circuit diagram showing 
another stacked structure example of a cell array with 
shaped bit lines. 
5 Fig. 22 is an equivalent circuit diagram showing 

still another stacked structure example of a cell array 
with shaped bit lines. 

Fig. 23 is a sectional diagram showing a stacked cell 
array structure corresponding to Fig. 20. 
10 Fig. 24 is a sectional diagram showing a stacked cell 

array structure corresponding to Fig. 21. 

Fig. 25 is a sectional diagram showing a stacked cell 
array structure corresponding to Fig. 22. 

Fig. 26 is a sectional diagram showing a stacked 
15 structure of a cell array without shaped wiring lines. 

Fig. 27 is an equivalent circuit diagram showing a 
stacked structure example of a cell array with shared word 
lines . 

Fig. 28 is a sectional diagram showing a stacked cell 

« 

20 array structure corresponding to Fig. 27. 

Fig. 29 is a diagram showing a configuration of a bit 
line and word line selecting circuit of the cell array. 

Fig. 30 is a diagram showing a basic configuration of 
a sense amplifier circuit used in the embodiment. 
25 Fig. 31 is a diagram showing a configuration of a 

sense amplifier circuit in the case of performing four- 
value storage by means of two- layer stacked cell arrays. 
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Fig. 32 is a truth value table for explanation of an 
operation of the sense amplifier circuit of Fig. 30. 

Fig. 33 is a truth value table for explanation of an 
operation of the sense amp circuit of Fig. 31. 
5 Fig. 34 is an equivalent circuit diagram of three- 

layer stacked cell arrays. 

Fig. 35 is a diagram showing a configuration of a 
sense amp circuit in the case of performing eight-value 
storage by means of three-layer stacked cell arrays. 
10 Fig. 36 is a truth value table for explanation of an 

operation of the sense amp circuit of Fig. 35. 

Fig. 37 is a diagram showing a configuration of a 
sense amp circuit which is an improved version of the 
sense amp circuit of Fig. 35. 
15 Fig. 38 is a truth value table for explanation of an 

operation of the sense amp circuit of Fig. 37. 

Fig. 39 is a truth value table for explanation of an 
operation in the case of applying part of the sense amp 
circuit of Fig. 37 to four-value storage. 
20 Fig. 40 is an equivalent circuit diagram of a four- 

layer stacked cell arrays. 

Fig. 41 is a truth value table for explanation of an 
operation in the case of applying the sense amp circuit 
scheme of Fig. 35 to sixteen-value storage using four- 
25 layered stacked cell arrays . 

Fig. 42 is a diagram showing a configuration of a 
sense amp circuit preferable for 16 -value storage by means 
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of four- layer stacked cell arrays. 

Fig. 43 is a truth value table for explanation of a 
16 -value storage operation using the sense amp circuit of 
Fig. 42. 

5 Fig. 44 is a diagram showing another sense amp 

circuit scheme for avoidance of degeneration or degeneracy. 

Fig. 45 is a diagram showing a sense amp circuit 
scheme preferable for degeneracy avoidance. 

Fig. 46 is a diagram showing a pulse generation 
10 circuit in the case of 4 -value storage by means of a two- 
layer stacked cell arrays. 

Fig. 47 is a diagram showing write pulses owing to 
the write pulse generation circuit. 

Fig. 48 is a diagram showing a practically 
15 implemented configuration of the write pulse generator 
circuit . 

Fig. 49 is a diagram showing write pulses (with 
degeneracy) of 8 -value data by means of three- layer 
stacked cell arrays. 
20 Fig. 50 is a diagram showing 8-value data write 

pulses (without degeneracy) by means of three- layer 
stacked cell arrays. 

Fig. 51 is a diagram showing a configuration of a 
write circuit for generation of the write pulses of 
25 Fig. 50. 

Fig. 52 is a diagram showing write pulses in the case 
of applying the write pulse scheme of Fig. 50 to 4 -value 
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data writing. 

Fig. 53 is a diagram showing a configuration of a 
write circuit for generation of the write pulses of 
Fig. 52. 

5 Fig. 54 is a diagram showing 16 -value data write 

pulses by means of four- layer stacked cell arrays. 

Fig. 55 is a diagram showing a configuration of a 
write circuit for generation of the write pulses of 
Fig. 54. 

10 Fig. 56 is a diagram for explanation of a 

relationship of a write/read scheme of phase-change memory 
cells versus power consumption due to data. 

Fig. 57 is a diagram showing a configuration of a 
pulse voltage booster circuit for selectively voltage- 
15 raising or "boosting" write pulses. 

Fig. 58 is a waveform diagram for explanation of a 
boost operation of the pulse booster circuit. 

Fig. 59 is a diagram showing a cell block structure 
for data search facilitation of four-layered cell arrays. 
20 Fig. 60 is a diagram showing a configuration of a bit 

line selector circuit of a cell block. 

Fig. 61 is a diagram showing a configuration of a 
word line selector circuit of the cell block. 

Fig. 62 is a diagram for explanation of a first data 
25 search mode of a cell block. 

Fig. 63 is a diagram for explanation of a second data 
search mode of the cell block. 
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Fig. 64 is a diagram for explanation of a third data 
search mode of the cell block. 

Fig. 65 is a diagram showing a configuration of a 
preferable write circuit of the cell block. 

Fig. 66 is a diagram showing write pulse waveforms by 
means of the same write circuit . 

Fig. 67 is an equivalent circuit showing a memory 
cell arrangement of another multiple -value phase -change or 
" ovonic " memory . 

Fig. 68 is a diagram showing write pulses of the 
memory cell. 

Fig. 69 is a plan view of the memory cell array. 

Fig. 70 is a sectional diagram along I-I' of Fig. 69. 

Fig. 71 is an equivalent circuit showing a memory 
cell configuration of another mult i -value ovonic memory. 

Fig. 72 is a sectional diagram showing a structure 
with multi-value storage cell of Fig. 71 stacked. 

Fig. 73 is an equivalent circuit of the stacked 
structure . 

Fig. 74 is a sectional diagram showing another 
structure with the multi -value storage cell of Fig. 71 
stacked. 

[Embodiments] 

An explanation will be given of embodiments of this 
invention below. 

Fig. 1 shows a cell array of a phase- change memory in 
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accordance with an embodiment, with respect to a 3x3 cell 
matrix. A plurality of first wiring lines (referred to as 
word lines hereinafter) WL are provided in parallel, and a 
plurality of second wiring lines (referred to hereinafter 
5 as bit lines) BL are provided to cross over the first 
lines. Memory cells MC are laid out at the respective 
crossing points of these lines. The memory cell MC is a 
series-connection circuit of a variable resistive element 
VR and a diode SD. The variable resistive element VR is 

10 formed of chalcogenide and is operable to store therein a 
resistance value determined due to a phase transition 
between its crystalline and amorphous states as 
information in a nonvolatile manner. 

Although the diode SD is a Schottky diode in the case 

15 of this embodiment, a pn- junction diode is alternatively 
usable. One end of the memory cell MC is connected to a 
bit line BL, and the other end is connected to a word line 
WL. Although in the drawing the diode SD is such that the 
word line WL side is an anode, it is also possible to 

20 reverse the polarity of diode SD because what is required 
here is to obtain the cell selectivity based on a voltage 
potential relationship of the word line WL versus the bit 
line BL. Further, it is also possible to change the 
position of the diode SD and the variable resistive 

25 element VR. 

As previously stated, data is to be stored as the 
significance of a resistance value of the resistive 



element VR of each memory cell MC, For instance, in a 
non-select state, let all the word lines WL be set at "L" 
level while setting all the bit lines BL at "H" level. 
One example is that "H" level is equal to 1.8V and "L" is 
5 OV. In this nonselect state, the diodes SD of all memory 
cells MC are in a reverse-bias state and thus are in an 
off-state; thus, no currents flow in the resistive 
elements VR. Considering the case of selecting a 
centrally located memory cell MC of the cell array of 
10 Fig. 1, which is surrounded by broken lines, let a 

selected word line WL at "H" while setting a selected bit 
line BL at "L" . Whereby, at the selected cell, its diode 
SD becomes forward-biased allowing a current to flow 
therein. 

15 The amount of a current flowing in the selected cell 

at this time is determined by the phase of the 
chalcogenide constituting the resistive element VR; thus, 
it is possible to read two-value or binary data by 
detecting whether the current amount is large or small. 

20 Also note that it is possible to permit creation of a 
phase transition in the chalcogenide of the resistive 
element VR by making higher the "H" level potential of the 
selected word line to thereby likewise increase the 
current amount and then utilizing the heat -up of a cell 

25 portion due to this current, by way of example. Thus, it 
is possible to select a specific cell in the cell array 
and then rewrite information of such cell. 
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In this way, in the cell array of this embodiment, 
access is performed only by potential level setup of a 
single word line WL and a single bit line BL. Although in 
the case of a transistor provided for cell selection a 
5 signal line for selecting the gate of the transistor is 
required within the cell array, no such signal line is 
necessary in this embodiment. In addition, in view of the 
fact that diodes are inherently simpler in structure than 
transistors, the cell array becomes more simplified in 

10 configuration owing to a decrease in requisite number of 
signal lines in combination with the simple diode 
structure advantage, thus enabling achievement of higher 
integration of the cells. 

Regarding the diode SD used for cell selection, the 

15 use of a Schottky diode in particular results in that many 
effects are obtained. First, unlike pn- junction diodes, 
the Schottky diode is a majority carrier device so that 
accumulation of minority carriers hardly occurs in any way, 
thereby enabling high-speed accessing. Second, both the 

20 cell array configuration and the manufacturing or 

fabrication process thereof become simplified because 
there is no need to form any pn junctions. Third, whereas 
pn junctions are faced with problems as to unwanted 
changes in characteristics due to temperatures, Schottky 

25 junctions are stable against temperatures. 

Although in the above operation explanation one 
specific case for controlling the potential levels of word 
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lines WL and bit lines BL to thereby perform resistance 
value detection (data read) of the chalcogenide making up 
the resistive element VR and also the phase-change control 
(data rewrite) was indicated, read and rewrite may also be 
5 performed by controlling the levels of currents flowing in 
the word lines WL and bit lines BL. These voltage control 
scheme and current control scheme are different from each 
other in energy being given to the chalcogenide during 
reading of the resistance value. This can be said because 

10 the chalcogenide is high in resistance value in its 

amorphous state and low in resistance in the crystalline 
state thereof. More specifically, when letting the 
resistance of chalcogenide be represented by R, the power 
to be generated in the chalcogenide becomes equal to v /R 

15 if the voltage potential control is employed, and is given 
as iR^ if the current control is used. Due to this, the 
both schemes are different in influence upon a phase 
change of a temperature change of the chalcogenide being 
presently subjected to resistance detection. Accordingly, 

20 either one scheme may be chosen by taking account of the 
cell structure and/or the stability as given to the 
chalcogenide ' s phase state. 

An explanation will next be given of several examples 
each of which actually arranges the cell array of Fig. 1 

25 as a semiconductor integrated circuit. Fig. 2 illustrates 
a plan view of a cell array of one example of them; 
Figs. 3A, 3B and 3C show its cross-sections as taken along 
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lines I-I', II-II' and III-III' of Fig. 2, respectively. 

In the case of this embodiment, a substrate 10 is a 
p-type silicon substrate having its surface portion in 
which an n-type silicon layer 12 is formed, which is 
5 partitioned by an element isolation dielectric film 11 in 
units of respective memory cell areas. With respect to a 
plurality of n-type silicon layers 12 which are aligned in 
one direction, word lines (WL) 21 that are formed of a 
metal film are continuously formed so that these are 

10 offset to one side of the surface thereof. Each Schottky 
diode SD is formed with the word line 21 as an anode 
electrode (Schottky electrode) , and with the n-type 
silicon layer 12 as a cathode layer. Note however that 
the metal film making up the word lines WL and Schottky 

15 junctions may be separate ones; for example, it is also 
possible to form patterned metal films for constructing 
the Schottky junctions only in the respective cell areas 
and then perform word- line formation in such a manner as 
to commpnly connect them together. 

20 The plane on which the word lines 21 are formed is 

planarly covered with an interlayer dielectric film 22. 
And, at space portions between the word lines 21 of this 
interlayer dielectric film 22, contact holes are defined 
which reach the n-type silicon layers 12: at these 

25 portions, metal plugs 23 for use as the cathode electrodes 
of diodes SD are buried. From the contact holes with the 
metal plugs 23 buried therein, an impurity is pre-diffused 
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into the n-type silicon layers 12 whereby n"'-type layers 
26 are formed, which are for obtaining good ohmic contact. 

Further on the interlayer dielectric film 22 with 
metal plugs 23 planarly buried therein, a chalcogenide 
5 layer 24 is formed; on this layer, bit lines (BL) 25 
formed of a metal film are formed. Portions (meshed 
regions in Figs. 3A and 3B) at which the buried metal 
plugs 23 of the chalcogenide layer 24 oppose the bit lines 
25 become phase-change regions (i.e. variable resistive 

10 elements) VR which actually function as the cell regions. 

A fabrication process of such the cell array will be 
explained with reference to Figs. 4 to 9, while giving 
attention to the cross-section (I-I' cross-section) of 
Fig. 3A. Fig. 4 shows a wafer with an n-type layer 12 

15 formed at a surface portion of the p-type silicon 

substrate 10. With respect to this wafer, the element 
isolation dielectric film 11 is formed and buried as shown 
in Fig. 5, thus obtaining the state that island- like n- 
type silicon layers 12 are laid out in a matrix form. 

20 Practically, for example, form in an element isolation 

area an element isolation trench which reaches the p-type 
silicon substrate 10; then, form the element isolation 
dielectric film 11 by a method of burying a silicon oxide 
film in this element isolation trench. 

25 Thereafter, as shown in Fig. 6, deposit a metal film 

such as aluminum or else; then, perform patterning to 
thereby form the word lines 21. The word lines 21 are 
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formed into a pattern so that each is offset in position 
to one side of its associative n-type silicon layer 12, 
resulting in the Schottky diode SD being formed between it 
and the word line 12. 
5 Next, as shown in Fig. 7, form a flat or planar 

interlayer dielectric film 22 to cover the word lines 21; 
then, form in this interlayer dielectric film 22 contact 
holes 31 for exposing the cathode-side terminate end 
portion of each n-type silicon layer 12. And, as shown in 

10 Fig. 8, after having formed n''-type layers 26 by 

performing ion implantation through the contact holes 31, 
bury metal plugs 23 for use as cathode electrodes in the 
contact holes 31. 

Next, as shown in Fig. 9, form the chalcogenide layer 

15 24 on the interlayer dielectric film 22 in which the metal 
plugs 23 are buried; further, form thereon bit lines 25 by 
a metal film. As previously stated, the portions in the 
chalcogenide layer 24 whereat the bit lines 25 oppose the 
metal plugs 23 become the resistive elements VR for use as 

20 the real cell regions. 

In the case of this embodiment, it is possible to 
form the word lines 21 and the metal plugs 23 with a pitch 
of 3F, where F is the minimum device- feature size, in the 
longitudinal direction of the bit lines 25 while forming 

25 the bit lines 25 and metal plugs 23 with a pitch of 2F in 
the longitudinal direction of the word lines 21. Thus, a 
unit cell area becomes equal to 6F^. 
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Although in the above example the chalcogenide layer 
24 is formed on an entire upper surface of the interlayer 
dielectric film 22, patterning may be done while letting 
this be left in the cell regions only. A cross-sectional 
5 structure of a cell array in such case is shown in Fig. 10 
in a way corresponding to Fig. 3A. The chalcogenide layer 
24 shown herein is removed while leaving the portions 
which become the variable resistive elements VR that are 
phase-change layers required for the cells, with an 

10 interlayer dielectric film 32 buried around the periphery 
of such portions. With such an arrangement, the resulting 
resistive elements VR become in the state with the lack of 
any spreading resistance whereby a resistance ratio of the 
crystalline state and the amorphous state and a thermal 

15 conductivity ratio become greater. 

An exemplary cell array cross -section structure using 
pn-junction diodes in place of the Schottky diodes is 
shown in Fig. 11 in a way corresponding to Fig. 3A. Form 
a p-type layer 33 in the n-type silicon layer 12 of the 

20 region in which a word line 21 is formed; then, let the 
word line 21 be come into contact with this p-type layer 
33. Whereby, the cell array using the pn-junction diodes 
is obtained. 

The examples stated up to here are such that the n- 
25 type silicon layer 12 of each element region is isolated 
by a pn junction from the others. In contrast to this 
approach, it is also possible to set each n-type silicon 



20 



layer 12 in an insulatively separated "floating" state. 
Fig. 12 shows a cell array cross-section structure of such 
example in a way corresponding to Fig. 3A. The n-type 
silicon layer 12 is buried with a silicon oxide film 34 at 
its bottom portion and thus is isolated from the p-type 
silicon substrate 10. Practically, this type of structure 
is obtained by use of the so-called SOI wafer having a 
silicon layer which overlies a silicon substrate and which 
is isolated therefrom by a silicon oxide film. With the 
use of this structure, excellent characteristics are 
obtainable which are free from any leakage between 
respective cells. 

The diode SD may alternatively be reversed in 
polarity as has been described previously: Fig. 13 shows a 
cell array cross-section structure of such an example in a 
way corresponding to Fig. 3A. In this example, a diode SD 
that makes up the Schottky junction between a metal plug 
23 and an n-type silicon layer 12 is formed. A word line 
21 and the n-type silicon layer 12 are such that an n"^- 
type layer 26 is formed at this portion to let them be in 
ohmic contact. The same goes with the case of a pn- 
junction diode. 

Note here that although in the embodiments to be 
discussed later an explanation will be given exclusively 
relative to the case of employing Schottky diodes with the 
word-line side as the anode, various modifications such as 
those which have been explained in Figs. 10 to 13 are 
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possible in the later-described embodiments also. 

Fig. 14 depicts a plan view of another cell array 
configuration which realizes the cell array of Fig. 1; 
Figs. 15A and 15B are its cross-sectional views as taken 
5 along lines I-I' and II-II', respectively. In this 
embodiment, an electrically insulative or dielectric 
substrate is used to arrange thereon the intended cell 
array. In the example of this figure of drawing, a 
silicon substrate 40 having its surface covered with a 

10 silicon oxide film 41 is used as the dielectric substrate. 
Above this substrate, word lines (WL) 42 formed of a metal 
film are formed, wherein portions interposed between the 
word lines 42 are made flat or planarized after an 
interlayer dielectric film 43 is buried therein. 

15 On the word lines 42, n-type polycrystalline silicon 

layers 44 which are isolated in units of respective cell 
regions are formed so that diodes SD are made each of 
which forms a Schottky junction between a word line 42 and 
layer 44. An n*-type layer 45 is formed at a surface of 

20 each n-type silicon layer 44, and an ohmic electrode 

(cathode electrode) 46 is formed and connected thereto. 
An interlayer dielectric film 47 is buried and planarized 
around the periphery of Schottky diodes. A chalcogenide 
layer 48 is formed to overlie it; further, on this layer, 

25 bit lines (BL) 49 of a patterned metal film are formed. 

In the case of this embodiment also, the regions in 
the chalcogenide layer 48 with the bit line 49 opposing 
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the ohmic electrodes 46 become variable resistive elements 
VR which are the real cell regions (phase change areas) , 
thus constituting the cell array of Fig. 1. 

Figs. 16-19 show some major steps of a manufacturing 
5 process while giving attention to the cross-section of 
Fig. 15A. As shown in Fig. 16, form word lines 42 on the 
substrate through deposition and patterning of a metal 
film. Thereafter, bury an interlayer dielectric film 43 
at every portion between adjacent ones of the word lines 

10 42. This process may be reversed in order. More 
specifically, a damascene method may be used, which 
includes the steps of first depositing the interlayer 
dielectric film 43, forming therein wiring line grooves, 
and burying the word lines 42 in these wiring grooves. 

15 Next, as shown in Fig. 17, form an n-type 

polycrystalline silicon layer 44, and, after having formed 
an n^'-type layer 25 in its surface portion, further form 
an ohmic electrode film 46. Whereby, diodes SD, each of 
which has a Schottky junction between the n-type layer 44 

20 and word line 42, are formed. Subsequently as shown in 
Fig. 18, etch by lithography and RIE the part that covers 
from the electrode film 46 up to the n-type silicon layer 
44 in such a way that it is left with an island like 
pattern in each cell area. Whereby, the resultant 

25 structure becomes in such a state that Schottky diodes SD 
are disposed at intervals on the word lines 42. 

Thereafter, as shown in Fig. 19, an element isolation 
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dielectric film 47 is planar ly buried around the Schottky 
diodes SD. Subsequently, as shown in Figs. 15A-B, deposit 
a chalcogenide layer 48; further, form bit lines 49 
thereon . 

5 According to this embodiment, since the diodes are 

formed above the word lines, it is possible to lessen a 
unit cell area of the cell array when compared to the 
previous embodiments. More specifically, the unit cell 
area becomes 4F^ as a result of formation of the word 

10 lines WL with the line/space=lF/lF and also formation of 
the bit lines with the same line/space=lF/lF . 

Additionally in the case of this embodiment, the cell 
array is formed on or above the dielectric substrate by 
film deposition and patterning; thus, it is also possible 

15 to reverse the up/down or vertical relationship of the 
diodes SD and the resistive elements VR. Further, it is 
also readily achievable to stack cell arrays into the form 
of a multilayered structure by repeated execution of the 
film deposition and patterning. 

20 A detailed explanation will be given of an embodiment 

for achievement of the multilayered cell arrays below. 
Figs, 20-22 illustrate, in an equivalent circuit that 
takes aim at one bit lone BL, examples which have two cell 
arrays MAO, MAI stacked with shared bit lines BL, with 

25 respect to three forms which are made different in layout 
relationship of respective elements. 

In Fig. 20, a memory cell MC configuration which 
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connects the anodes of diodes SD to word lines WL with 
variable resistive elements VR disposed on the bit-line BL 
side is arranged to include upper and lower cell arrays 
MAO/ MAI while letting them share the bit line BL shown 
5 herein. In this figure, arrows are used to indicate the 
directions of cell currents when cells of the upper and 

* 

lower cell arrays are selected. 

In Fig. 21, an example shown herein is different from 
that of Fig, 20 in the upper cell array MAI. More 

10 specifically, the lower cell array MAO employs a memory 
cell MC configuration which connects the anodes of diodes 
SD to word lines WL with variable resistive elements VR 
disposed on the bitline BL side. In contrast, the upper 
cell array MAI uses a memory cell MC arrangement which 

15 connects the cathodes of diodes SD to the bit line BL with 
variable resistive elements VR laid out on the word- line 
WL side. This example is similar to that of Fig. 20 in 
that the upper and lower cell arrays MAO, MAI share the 
bit line BL. 

20 An example of Fig. 22 is such that the layout of 

diodes SD and resistive elements VR is inverse to that of 
Fig. 20. Specifically, a memory cell MC configuration is 
used which connects the cathodes of diodes SD to the bit 
line BL while letting resistive elements VR be disposed on 

25 the word- line WL side, thus configuring the upper and 
lower cell arrays MAO, MAI with the bit line BL shared 
thereby. Both the examples of Fig. 21 and Fig. 22 are the 
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same in cell current flow directions. 

In either one of the examples of Figs. 20-22, let bit 
lines BL be set at "H" level (for example, 1.8V) while 
setting word lines WL at "L" level (e.g. OV) in a 
5 nonselect state. And, with respect to one of the upper 
and lower cell arrays MAO, MAI, if setting a selected word 
line at "H" level and a selected bit line BL at "L" level, 
then the diodes do not become forward-biased in the other 
cell array; thus, it becomes also possible to provide 

10 access to the upper and lower cell arrays MAO, MAI in a 
way independent of each other. 

Figs. 23-25 show the stacked structures of the cell 
arrays MAO, MAI of Figs. 20-22, respectively. In these 
figures, the same reference numerals are used at parts or 

15 components corresponding to those of Fig. 15A, which 
numerals are distinguished between the lower and upper 
cell arrays by addition of suffixes "a", "b" thereto. In 
Fig. 23, the structure of a lower cell array MAO is the 
same as that of Fig. 15A. An upper cell array MAI is 

20 stacked over this lower cell array MAO in such a way as to 
share bit lines 49 at its uppermost part. The upper cell 
array MAI is opposite in film stack/lamination order to 
the lower cell array MAO, and a chalcogenide layer 48b is 
formed on the bit lines 49. Sequentially stacked thereon 

25 are an ohmic electrode film 46b, an n-type silicon layer 
44b with an n"'-type layer 45b formed at its bottom, and 
word lines 42b. 
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In Fig. 24 also, a lower cell array MAO is the same 
as that of Fig. 15A. The film stack order of an upper 
cell array MAI to be stacked or multilayered above it is 
different from that of Fig. 23. More specifically, an n- 
5 type silicon layer 44b with an n'^-type layer 45b formed at 
its bottom and a metal film 46b are formed and stacked 
above a bit line 49, thus making up a diode SD. Unlike 
the ohmic electrode 46b of Fig. 23, the metal film 46b of 
Fig. 24 forms a Schottky junction between it and the n- 

10 type silicon layer 44b. And, on the diode SD thus formed, 
a chalcogenide layer 48b is formed; further, word lines 
42b are formed thereon. 

In Fig. 25, a lower cell array MAO shown is opposite 
to that of Fig. 15A in layer-stack order of diodes SD and 

15 resistive elements VR. First formed on a plane in which 
word lines 42a are buried is a chalcogenide layer 48a 
which constitutes the resistive elements VR. Formed 
thereon are a metal film 46a and an n-type silicon layer 
44a to thereby form a Schottky junction between it and the 

20 metal film 46a. An n'^-type layer 45a is formed at an 

upper surface of the n-type silicon layer 44a, and a bit 
line 49 is formed to be in contact with this layer. 
Formed above the bit line 49 is an upper cell array MAI 
which is similar in layer- stacked structure to that of 

25 Fig. 23. 

Although the ones shown by the equivalent circuits of 
Figs. 20 to 22 and their corresponding cross-sectional 
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structures of Figs. 23-25 are arranged so that the cell 
arrays are stacked with shared bit lines, it is also 
possible to simply stack the upper and lower cell arrays 
without sharing any bit lines. Fig. 26 shows an example 
5 of such stacked cell arrays. This is the one that the 
cell array structure shown in Fig. 15A is repeatedly 
stacked with an interlayer dielectric film 51 sandwiched 
between adjacent cell arrays. The lower cell array MAO 
and the upper cell array MAI are in the state that these 

10 are electrically separated from each other. In this way, 
if the electrically completely isolated cell arrays are 
stacked, then it is possible to freely select the diode 
polarity and voltage potential relationship between the 
upper and lower cell arrays. 

15 Further, it is also possible to design the upper and 

lower cell arrays so that these are stacked with shared 
word lines. Fig. 27 shows an equivalent circuit of such 
an example in which word lines WL of the lower cell array 
MAO and upper cell array MAI are commonly used or shared. 

20 As the vertically neighboring cell arrays which are 

stacked while sharing the word lines or bit lines are such 
that the bit lines or word lines are independent, it is 
possible to access them simultaneously. Owing to this, 
the cell array assembly which shares the word lines or the 

25 bit lines expands in applicability and becomes effective 
for use in multiple-value memories or the like. This 
point will be described later. In the figure, every cell 
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current of the upper and lower cell arrays upon selection 
of a shared word line WL is indicated by arrow. 

Fig. 28 is a sectional diagram showing a stacked 
structure of the cell arrays MAO, MAI. In this figure 
5 also, at portions which correspond to those of Fig. 15A, 
the same numerals are used which are distinguished by 
addition of "a", "b" between the lower and upper cell 
arrays. First, on a silicon substrate 40 covered with a 
silicon oxide film 41, a plurality of bit lines (BLO) 49a 

10 are formed and disposed. Gap spaces between the bit lines 
49a are buried with an interlayer dielectric film. Formed 
thereon is a chalcogenide layer 48a. 

Diodes SD are formed above the chalcogenide layer 48a 
in such a manner that these are placed at intervals to 

15 overlie respective bit lines 49a. More specifically, 
through patterning of a film which consists of a 
lamination of an ohmic electrode 46a, n^-type silicon 
layer 45a and n-type silicon layer 44a, the main body of a 
Schottky diode SD is made up of n-type silicon film 44a. 

20 The periphery of the diode main body is buried with an 
interlayer dielectric film and thus planarized. 

And, word lines (WL) 42 are formed which become the 
anode electrodes of diodes SD and commonly connect the 
diodes SD together in a direction crossing the bit lines. 

25 In brief, Schottky junction is formed between a word line 
42 and its associative n-type silicon layer 44a. Note 
here that in order to form a more preferable Schottky 
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diode SD, a metal film which is in Schottky contact with 
the n-type silicon layer 44a may be separately formed in 
addition to the word line 42. 

Spaces between the word lines 42 are buried with an 
5 interlayer dielectric film and then made flat. And, on 
this film, a Schottky diode SD is formed by patterning of 
a film with a lamination of an n-type silicon layer 44b, 
n"*"-type silicon layer 45b and ohmic electrode 46b. A 
Schottky junction is formed between a word line 42 and its 

10 associated n-type silicon layer 44b. The periphery of 

diode SD is buried with an interlayer dielectric film and 
planarized; further, a chalcogenide layer 48b is formed 
thereon. Bit lines (BLl) 49b are formed by patterning on 
the chalcogenide layer 4 8b. 

15 With the above-noted procedure, it is possible to 

stack the cell arrays MAO, MAI over each other while 
letting them share the word lines WL. Although in 
Figs. 27 and 28 one specific example is shown in which the 
layer-stack order of the diodes SD and resistive elements 

20 VR are reversed between the lower and upper cell arrays 
MAO, MAI, these may alternatively be the same in stack 
order as each other. Additionally, the stack order of the 
resistive elements VR and diodes SD may also be reversed 
within each cell array MAO, MAI. More specifically, in 

25 such an access scheme that a selected word line WL is set 
at "H" level, and a selected bit line BL at "L" level, the 
stack order of diodes SD and resistive elements VR may be 



30 



freely designed, as far as the diodes SD are disposed to 
have the polarity with the word- line WL side becoming the 
anode in both the upper and the lower cell arrays. 

When combining together the previously explained 
scheme for stacking the cell arrays with the shared bit 
lines and the scheme for stacking the cell arrays with the 
shared word lines, it is possible to mount and pile up the 
cell arrays into the form of a multilayer of more than 
three layers while sharing the word lines and bit lines 
between the vertically neighboring cell arrays, which in 
turn makes it possible to obtain an extra large capacity 
of memory with a three-dimensional (3D) structure. 

Note that any one of the stacked cell array 
structures shown in Figs. 23-26 and 28 is capable of 
forming both the bit lines and the word lines with the 
line/space of IF/IF. Thus it is possible to achieve 
higher integration densities of the cell arrays. The same 
goes with the case of stacking cell arrays of more than 
three layers as will be described later. 

Fig. 29 shows an exemplary configuration of a 
selection circuit 50 which is for transferring positive 
logic pulses and negative logic pulses toward the word 
lines WL and the bit lines BL of a cell array respectively 
during data reading or writing. The selection circuit 50 
has a PMOS transistor QPl which is driven by a select 
signal /WS during reading for connecting a word line WL to 
a high voltage power supply line WPS, and an NMOS 
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transistor QNO that is driven by a select signal BS for 
connecting a bit line BL to a low voltage power supply 
line BPS. The selector circuit 50 also has a reset-use 
NMOS transistor QNl and a reset -use PMOS transistor QPO 
5 which are for holding word lines WL at a low level and bit 
lines BL at a high level when they are not selected. 

The select signals /WS, BS are such outputs of 
address decoders as to be /WS="H", BS="L" in the nonselect 
state. Accordingly, in the nonselect state, the select 

10 transistors QPl, QNO are in an off -state and the reset 
transistors QNl, QPO are in an on- state so that the word 
lines WL are held at "L" level of Vss and the bit lines BL 
are at "H" level of Vcc. When becoming in a select state, 
the reset transistors QNl, QPO turn off and the select 

15 transistors QPl, QNO turn on. During data reading, the 
word line WL and bit line BL are connected to the high 
voltage power supply line WPS and low voltage power supply 
line BPS, respectively, as shown in the figure of drawing. 
Suppose that the high voltage power supply line WPS and 

20 low voltage power supply line BPS are given "H" level (e.g. 
Vcc=1.8V) and "L" level (e.g. Vss=OV) , respectively. 
Whereby, a read current flows in the memory cell MC in 
accordance with the on-state periods of the select 
transistors QPl, QNO. 

25 Fig. 30 shows a basic configuration of a sense 

amplifier (SA) circuit 100 adaptable for use with the cell 
array in accordance with this invention. This shows it as 
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an exemplary configuration preferable for development to a 
sense amplifier scheme in the case of realizing multiple- 
value storage as will be described later. The sense amp 
circuit 100 shown in Fig. 30 is a current detection type 
5 sense amp, which is configured to include resistors RO, Rl 
which are the elements for converting a current flowing in 
a selected cell into a voltage, a dummy cell DMC, 
resistors rO, rl for converting a current flowing in this 
dummy cell DMC to a voltage, and operational amplifiers 

10 OPO, OPl. 

When a certain word line WL in the cell array is 
selected by the select PMOS transistor QPl which is driven 
by the select signal /WS that is an output of a row 
address decoder, the selected word line WL is connected to 

15 the high voltage power supply line WPS through a signal 

line WP and the resistor Rl. A bit line BL is selected by 
the select NMOS transistor QNO being driven by a select 
signal BS that is an output of a column address decoder, 
and is then connected to the low voltage power supply line 

20 BPS through a signal line BP and the resistor RO • 

The dummy cell DMC which is equivalent to a memory 
cell MC is made up of a dummy diode DSD and a dummy 
resistive element DVR and is expected to have an 
intermediate resistance value midway between the 

25 resistance values of binary data of the memory cell MC. 
One end of the dummy cell DMC is connected to the high 
voltage power supply line WPS through the PMOS transistor 
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QP2 and via the resistor rl. The PMOS transistor QP2 is a 
dummy element of the select PMOS transistor QPl and is 
driven to a normally-on state in any events. The other 
end of the dummy cell DMC is connected to the low voltage 
5 power supply line BPS through the NMOS transistor QN2 and 
via the resistor rO. The NMOS transistor QN2 is a dummy 
element of the select NMOS transistor QNO and is driven to 
a normally-on state in any events. 

The sense -amp main body is composed of two 

10 operational amplifiers OPO, OPl . The opamp OPO has a non- 
inverting input terminal to which a voltage of an output 
"b" of an appropriate intermediate tap of the resistor RO 
is input and also has an inverting input terminal to which 
a voltage of a connection node of the resistor rO and NMOS 

15 transistor QN2 is input. The opamp OPl has an inverting 
input terminal to which a voltage of an output "w" of an 
intermediate tap of the resistor Rl is input and a non- 
inverting input terminal to which a voltage of a 
connection node of the resistor rl and PMOS transistor QP2 

20 is input . 

An operation of the sense amplifier circuit 100 thus 
arranged will be explained below. As previously stated, 
in the nonselect state, the word lines WL are held at "L" 
level, and the bit lines BL stay at "H" level. At the 
25 time of selection, the word line select signal /WS becomes 
at "L", and the bitline select signal BS becomes "H" . And, 
assuming that the high voltage power supply line WPS is 
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given "H" level=Vcc and the low voltage power supply line 
BPS is given "L" level=VsS/ a cell current flows in a 
selected memory cell MC. 

Practically, suppose that the relationship of the 

5 resistors RO, Rl, rO, rl is established so that a 
resistance value of the resistor RO of from the 
intermediate tap of the voltage output b toward the opamp 
OPO up to the terminal BPS is the same as the resistor rO 
and, similarly, a resistance value of the resistor Rl of 

10 from the intermediate tap of the voltage oucput ''w" toward 
the opamp OPl up to the terminal WPS is the same as the 
resistor rl, by way of example. If the selected cell is 
in a high resistance state (hereinafter, let this be 
regarded as data "0") and if the cell current is less than 

15 the current flowing on the dummy cell DMC side, then both 
outputs of the opamps OPO, OPl become "L" . To the 
contrary, if the selected cell is in a low resistance 
state (let this be data "1" hereinafter) and when a 
current flows which is greater than the current flowing on 

20 the dummy cell DMC side, the both outputs of the opamps 
OPO, OPl become "H" . To be brief, based on the logic 
shown in Fig. 32, it is possible to perform determination 
or judgment of data "0", "1". 

It should be noted that the configuration of the 

25 sense amp circuit 100 of Fig. 30 is the one that takes 
into consideration the mult i -value storage to be later 
described: in the case of considering the above- stated 
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two-value or binary storage only, only either one of the 
opamps OPO, OPl may be used. Alternatively, it is also 
possible to reverse the connection relationship of the 
inverting input terminal and non-inverting input terminal 
of any one of the opamps OPO, OPl. The result of this is 
that the outputs of two opamps OPO, OPl are such that one 
becomes "H" and the other becomes "L" in accordance with 
the binary data. Accordingly, if an opamp which inputs 
these two opamp outputs is further prepared, it is 
possible to obtain a sense output with the data "0", "1" 
corresponding to "H", "L". 

An explanation will next be given of the case where 
mult i -value storage is performed by the stacked two- layer 
cell arrays MAO, MAI with the shared word lines WL as has 
been explained in Figs. 27 and 28. The multivalue storage 
utilizes a combination of four possible data states of two 
memory cells which are accessed simultaneously between two 
cell arrays MAO, MAI. A sense amplifier circuit 100 for 
use with four- value storage, which is a developed or 
extended version of the circuit scheme of Fig. 30, is 
shown in Fig. 31. 

The sense amplifier circuit 100 of Fig. 31 is the 
same as that of Fig. 3 0 in arrangement of the part 
including the current-to-voltage conversion resistors RO, 
Rl, rO, rl and opamps OPO, OPl with respect to a memory 
cell MCO and a dummy cell DMCO that are selected by a bit 
line BLO of the lower cell array and the shared word line 
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WL. Regarding a memory cell MCI to be selected by the 
shared word line WL and a bit line BL of the upper cell 
array also, a similar arrangement is used while letting 
the wordline WL side circuitry be shared by the lower cell 
5 array. 

A bit line BLl on the upper cell array side is 
connected to the low voltage power supply line BPS through 
a select NMOS transistor QN3 and also via a signal line 
BPl and a resistor R2 . In addition, a dummy cell DMCl is 

10 connected via resistors r2, rl between the low voltage 
power supply line BPS and the high voltage power supply 
line WPS, and an operational amplifier 0P2 is prepared. 
The operational amplifier 0P2 has an inverting input 
terminal to which a connection node of the resistor r2 and 

15 a dummy NMOS transistor QN4 is connected and a non- 
inverting input terminal to which a voltage output "bl" of 
an intermediate tap of the resistor R2 is input. 

With such the configuration of sense amp circuit 100, 
it is possible to determine or judge four- value data by 

20 combination of the data states "0", "1" of the memory cell 
MCI of the upper cell array and the data states "0", "1" 
of the memory cell MCO of the lower cell array, which 
cells are selected simultaneously. In Fig. 31, there is 
shown the behavior of cell currents IcO, Icl which flow in 

25 the memory cells MCO, MCI when the shared word line WL is 
selected while the bit lines BLO and BLl are selected. An 
upside column of the truth value table shown in Fig. 33 
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indicates a combination of the data states "0", "1" of the 
memory cell MCI and the data states "0", "1" of the memory 
cell MCO. 

For data "00" (namely, the memory cells MCI, MCO are 
5 both at "0" (high resistance state)), an output OUTl of 
the operational amplifier OPl is at "L". While outputs 
OUTO, 0UT2 of operational amplifiers OPO , 0P2 are both at 
"L", these are not required for use during data 
determination and, for this reason, indicated by 

10 This will be applied similarly in the explanation below. 
At the time of data "01" (i.e. the upper cell MCI stays at 
"0" and the lower cell MCO is at "1" (low resistance 
state) ) , a large current flows on the lower cell MCO side 
so that the outputs OUTO, OUTl of opamps OPO, OPl become 

15 "H" while the output 0UT2 of opamp 0P2 stays at "L" . At 
the time of data "10" (i.e. the upper cell MCI is "1" and 
the lower cell MCO is "0"), a significant current flows on 
the upper cell MCI side whereby the outputs OUTl, 0UT2 of 
opamps OPl, 0P2 become "H" and the output OUTO of opamp 

20 OPO is at "L". Thus, the data "01" and "10" are 

determinable by "L", "H" of 0UT2, OUTl and "H", "L" of 
OUTl, OUTO. 

In the case of data "11" (the upper and lower cells 
MCI, MCO are both "1"), large currents flow in the both, 
25 causing all the outputs OUT0-OUT2 of the opamps OP0-OP2 to 
become "H" . As apparent from the foregoing, 4-value 
storage is achievable by using two cells of the upper and 



lower cell arrays based on the truth value table shown in 
Fig. 33 due to the combination of the outputs OUT0-OUT2 of 
three opamps . 

An explanation will next be given of an example which 
5 makes up an eight -value memory by use of three- layer 
stacked cell arrays. Fig. 34 depicts an equivalent 
circuit of the three- layer cell arrays, wherein a cell 
array MAO is made up of memory cells which are interposed 
between bit lines BLO (BLOO, BLOl,...) of the lowermost 
10 layer and word lines WLO (WLOO, WLOl,...). A cell array 
MAI is arranged at its upper part while sharing such word 
lines WLO; further, a cell array MA2 is stacked or piled 
while sharing bit lines BLl (BLIO, BLll,*. ..) of this cell 
array MAI . 

15 In Fig. 34, the directions of cell currents upon 

selection of cells from the three-layered cell arrays MAO- 
MA2 on the one-by-one basis are indicated. Using such the 
3 -layer cell arrays, 8 -value storage becomes possible by 
combination of the data states of three memory cells that 

20 are simultaneously selected from the cell arrays. Fig. 35 
shows a sense amplifier circuit 100 employable in the case 
of performing such 8 -value storage, which is an extended 
version of the sense amp scheme of Fig. 31. In this case, 
there are provided an operational amplifier OPO which is 

25 used for current detection of a bit line BLO of the first 
cell array MAO, an opamp OPl used for current detection of 
a shared word line WLO, an opamp 0P2 used for current 
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detection of a shared bit line BLl, and an opamp 0P3 used 
for current detection of the uppermost word line WLl . 

In Fig. 35, there is also shovm the behavior of cell 
currents IcO, Icl and Ic2 which flow in cells MCO, MCI and 
5 MC2, respectively, that are simultaneously selected in the 
3 -layer cell arrays. Fig. 36 shows a truth value table 
upon detection of multi-value cell states in the case of 
using such a sense amplifier circuit configuration. An 
upside row of Fig. 36 is a combination of the data states 

10 of the cell MC2 of the upper cell array MA2, the cell MCI 
of the intermediate cell array MAI, and the cell MCO of 
the lower cell array MAO. It is apparent from viewing 
Fig. 36 that in the case of data states "101" and "111", 
outputs of all the opamps become "H", resulting in 

15 occurrence of degeneration or "degeneracy" and thus in the 
lack of distinguishability . The reason of this is as 
follows: at this time, a large cell current flows from the 
word line WLl through the cell MC2 into the bit line BLl, 
and similarly, a large current flows from the word line 

20 WLO via the cell MCO to the bit line BLO, thereby causing 
the outputs of all opamps OP0-OP3 to become "H" without 
regard to the data state of intermediate cell MCI. 

Therefore, in order to effectively utilize all the 8- 
value data, a sense-amp circuit scheme capable of 

25 distinguishing between the data "101", "iii" is required. 
One approach to achieving this is to utilize the fact that 
when the upper cell MC2 and the lower cell MCO are both 
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"1", a difference between the case of the intermediate 
cell MCI of "0" and the case of "1" lies in that the 
values of currents flowing in the word line WLO in these 
cases are different from each other. More specifically, 
5 if the cell MCO is "1" and the cell MCI is "0", a large 
current flows from the word line WLO into only the cell 
MCO. Contrary to this, if the cells MCO, MCI are both at 
"1", a large current flows from the word line WLO into 
both of the cells MCO,. MCI; thus, looking at the current 

10 of the word line WLO, a difference with a doubled current 
value takes place. 

Keeping this point in mind, a sense amp circuit 100 
which is an improved version of the circuit of Fig. 35 is 
shown in Fig. 37. This is the one that includes, at the 

15 part of the operational amplifier OPl which performs 

current detection of the word line WLO shown in Fig. 35, a 
parallel combination of operational amplifiers OPIO, OPll 
which become two current detection units in order to make 
it possible to accurately find any appreciable difference 

20 in current value between the case of both the memory cells 
MCO, MCI storing data "1" therein and the case of only one 
of them storing data "1". Let outputs wOl, w02 of two 
intermediate taps be taken out to the resistor Rl on the 
high voltage power supply line WPS side with respect to 

25 word line WLO, which are then passed to the inverting 
input terminals of the opamps OPIO, OPll, respectively. 
Here, w02 is a tap position output which is less than wOl 



in resistive voltage drop, which is designed so that when 
the current value becomes almost two times greater, a 
voltage potential is output which is approximately the 
same as the value of wOl at a onefold current value. 
5 In other words, the tap positions of the intermediate 

tap outputs wOl, w02 of the resistor Rl should be adjusted 
as follows: comparing to a current flowing in the dummy 
cell, when the current which flows from the high voltage 
power supply line WPS toward a single low-resistance cell 

10 ("1" data cell), output OUTIO is at "H" and OUTll becomes 
"L", while causing the both of OUTIO, OUTll to become "H" 
when the current flows toward two low-resistance cells. 

With the use of such sense amp circuit, it is 
possible to detect and determine 8 -value data while 

15 accurately distinguishing each over the others without 
having to use the opamp 0P2 which corresponds to the bit 
line BLl . A truth value table thereof is shown in Fig. 38. 
The 8 -value data states (state values of MC2, MCI, MCO) 
owing to three cells is shown in the uppermost row. By 

20 appropriate combination of "H", "L" of the output OUTO of 
opamp OPO relative to the bit line BLO, "H", "L" of the 
outputs OUTIO, OUTll of two opamps OPIO, OPll 
corresponding to the word lines WLO and "H", "L" of the 
output 0UT3 of opamp OPS corresponding to the word line 

25 WLl, it is possible to distinguishably determine eight 
values in such a state that any degeneracy is absent. 

It should be noted that the sense amp circuit scheme 
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for performing the current value determination at word 
lines shown in Fig. 37 is also applicable to the 4 -value 
storage stated previously. More specifically, in place of 
the three opamps OPO, OPl, 0P2 of Fig. 31, use three 
5 opamps OPO, OPIO, OPll shown in Fig. 37. At this time, a 
4 -value truth table corresponding to Fig. 33 is as shown 
in Fig. 39. 

Next, an explanation will be given of a 16 -value 
storable memory configuration by use of four- layer stacked 

10 cell arrays. Fig. 40 is an equivalent circuit of it. 

Although the structure of such stacked cell arrays is not 
specifically shown, the illustration here assumes the use 
of stacked cell arrays obtainable by repeated use of the 
stacked structure of wordline- shared two-layer cell arrays 

15 MAO, MAI shown in Fig. 28, Accordingly, a first cell 
array MAO and its overlying second cell array MAI are 
designed to share word lines WLO (WLOO, WLOl,...). The 
second cell array MAI and its overlying third cell array 
MA2 share bit lines BLl (BLIO, BLll,.,.). Further, the 

20 third cell array MA2 and its overlying fourth cell array 
MA3 share word lines WLl (WLIO, WLll,...). In the figure, 
arrows are used to indicate the directions of cell 
currents flowing when both the upper and lower shared word 
lines WLO, WLl are selected at a time. 

25 Based on the 4 -bit data to be selected respectively 

from the 4 -layer cell arrays thus arranged, 16 -value 
storage is performed. Suppose that the sense amp circuit 
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scheme shown for example in Fig. 31 or Fig. 35 is simply 
applied with no changes as a sense amp circuit therefor. 
Although its illustration is omitted, operational 
amplifiers to be provided at this time are five ones which 
5 follow: OPO with respect to the bit lines BLO of the 

lowermost layer; OPl for the next first shared word lines 
WLO; 0P2 for the next shaped bit lines BLl; OPS for the 
next second shared word lines .WLl; and, 0P4 for the bit 
lines BL2 of the uppermost layer. 

10 A truth value table of 16 values with the outputs of 

five operational amplifiers OP0-OP4 as OUT0-OUT4 in the 
case of the sense amp circuit scheme is as shown in 
Fig. 41. An upside row is 16-value cell states (a 
combination of the state values of a selected cell of cell 

15 array MA3, a selected cell of cell array MA2 , a selected 
cell of cell array MAI, and a selected cell of cell array 
MAO) . 

According to this truth value table, three sets of 
multivalue-state degeneration or degeneracy are found. 

20 More specifically, data "0101" and "0111" are such that 
the output 0UT4 is at "L" with all the remaining outputs 
staying at "H", resulting in a failure to distinguish one 
from the other. Data "1010" and "1110" are such that the 
output OUTO is "L" with all the remaining outputs staying 

25 at "H", resulting in the lack of distinguishability 

therebetween. Additionally, data "1011", "1101", "1111" 
are such that every output becomes "H" . 
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An approach to effectively putting all of the 16- 
value multivalue data to practical use is to employ the 
sense amp circuit scheme of Fig. 37 — that is, the scheme 
that is capable of distinguishing, with respect to the 
5 current flowing in a word line, between a case of the 
current flowing in a single cell and another case of the 
current flowing in two cells. Practically, when showing 
an extended version of the sense amp circuit scheme of 
Fig. 37 in a way corresponding to the 16 -value storage of 

10 the 4-layer cell arrays, the result is as shown in Fig. 42. 
In a similar way to that two operational amplifiers OPIO, 
OPll are provided relative to the first shared word lines 
WLO counted from the lowermost part, two operational 
amplifiers OP3 0, 0P31 are also provided with respect to 

15 the second shared word lines WLl . These opamps OP30, 0P31 
operate to input two intermediate tap outputs wlO, wll of 
a resistor R3 at their inverting input terminals, thereby 
making it possible to distinguish between the case of a 
one -cell current flowing in word line WLl and the case of 

20 two-cell currents flowing therein. 

A truth value table in the case of performing 16- 
value storage using such the sense amp circuit is shown in 
Fig. 43. Here, 16 values are representable by combination 
of six outputs which consist of an output 0UT4 of op-amp 

25 0P4, outputs OUT30, 0UT31, OUTIO, OUTll of opamps OP3 0, 

0P31, OPIO, OPll two of which are provided relative to the 
individual one of two shared word lines WLl, WLO, and an 
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output OUTO of opamp OPO relative to a bit line BLO of the 
lowermost layer. An output of opamp 0P2 is of no use, 
which opamp is provided in a way corresponding to the 
shared bit line BLl of the second cell array MAI and third 
5 cell array MA2 . ' 

As apparent from the truth value table of Fig. 43, it 
is possible to attain successful detection and 
determination of all the 16-value data items without 
suffering from any degeneracy. In accordance with this 
10 truth table, make logic circuitry with assignment to 16- 
value outputs, thereby enabling judgment and output of 16- 
value information owing to four cells of the 4 -layer cell 
arrays . 

In the description above, the sense amp circuit 
15 configurations for multivalue data determination in the 
state without the risk of degeneracy have been explained. 
Up to here, the description is devoted to the ones that 
put in parallel the operational amplifiers for detection 
of currents flowing in the word lines WL in order to 
20 determine whether the cell current flowing in an 

intermediate cell vertically interposed between upper and 
lower cells is one-cell component or two-cell components. 
In contrast to this approach, the aforesaid current 
determination for identifying whether a one -cell component 
25 or two-cell components may alternatively be done on the 
bitline BL side. An example is that a configuration of 
Fig. 44 is used as the sense amp circuit 100 relative to a 
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unit cell array, in place of that of Fig. 31. Let two 
operational amplifiers OPOO, OPOl be provided in parallel 
on the bit line side; then, input to the inverting input 
terminals of them two intermediate tap outputs bOl, b02 of 
5 a resistor RO . The intermediate tap outputs bOl, b02 are 
set up in a way which follows: outputs of the opamps OPOO, 
OPOl are OUT00=L and OUT01=L in case any bitline current 
does not flow; OUT00=H, OUT01=L when a single-cell bitline 
current flows; and, OUT00=OUT01=H upon flowing of a 

10 bitline current equivalent in amount to two cells. 

With the use of the sense amplifier circuit 100 thus 
arranged, it becomes possible to sense and verify 
mult lvalue storage data by means of the stacked or 
multilayered cell arrays which include neighboring cell 

15 arrays that share bit lines. Although its detailed 

explanation is omitted, if in the case of 8 -value storage 
by use of 3 -layer cell arrays as an example, data 
discrimination without the risk of any degeneracy is made 
possible by replacing the part of the op -amp 0P2 on the 

20 bitline BLl side in the sense amp(SA) circuit 100 of 
Fig. 3 7 with a parallel combination of two opamps OPOO, 
OPOl which are shown in Fig. 44 and are capable of data 
determination while distinguishing between a one-cell 
bitline current and a two-cell bitline current. 

25 It is also permissible to modify it to offer the 

distinguishability between the one-cell current and two- 
cell current in a similar way in both the bit line BL and 
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the word line WL. A configuration of such a sense 
amplifier circuit 100 is shown in Fig. 45, with respect to 
a unit cell array thereof. Using this as a basic or 
"core" sense amp circuit, the multivalue cells of stacked 
5 cell arrays may be designed to provide an arrangement 

capable of determining multivalue information by adequate 
combination of outputs in such a way that their truth 
value table becomes the simplest one. 

An explanation will next be given of a data write 

10 circuit which writes or "programs" data into multivalue 
cells. An approach to permitting creation of a phase 
change between amorphous and polycrystalline states in a 
chalcogenide -based phase change layer (variable resistive 
element) is to control the amount of power being given to 

15 the cell by adjustment of a voltage pulse width. When a 
power is rapidly given to the chalcogenide with a short 
pulse width, and then it is left rapidly cooled off, the 
chalcogenide partly becomes amorphous state, and its 
resistance increases so that the cell becomes in the data 

20 "0" state. If a power is given to the chalcogenide with a 
long voltage pulse width for a long time period, and then 
it is left gradually cooled off, the chalcogenide becomes 
in its polycrystalline state, which results in a decrease 
in resistance and thus establishment of the data "1" state. 

25 Practically, Fig. 46 shows an arrangement in which a 

write circuit 200 is provided in parallel to its 
associative sense amplifier circuit 100, with respect to 



48 



the case of 4 -value storage at the upper and lower cell 
arrays MAO, MAI which have been explained in conjunction 
with Fig. 27 and Fig. 31. During data writing, the sense 
amp circuit 100 is made inactive, and the write circuit 
5 200 is activated. The write circuit 200 is the one that 
produces, in a way pursuant to multivalue data to be 
written, a positive logic write pulse H to be given to a 
word line WL through a signal line WP and negative logic 
write pulses LO, LI being given to bit lines BLO, BLl via 

10 signal lines BPO, BPl, respectively. 

A way of giving the write pulses to 4 -value cells 
produced by this write circuit 200 is as follows: give the 
positive logic write pulse and the negative logic write 
pulses simultaneously to thereby ensure that the diode SD 

15 becomes forward-biased within a limited time period in 
which the pulses overlap together, resulting in power 
being applied to the variable resistive element VR of the 
chalcogenide . A practically implemented one is as shown 
in Fig. 47. In summary, let the negative logic write 

20 pulses LO, LI which are given to a presently selected 
lower bit BLO and selected upper bit line BLl and the 
positive logic write pulse H that is given to a shared 
word line WL be set in a pulse width relationship such as 
shown in Fig. 47, in a way corresponding to the states of 

25 multivalue data to be written. 

A multivalue data state "00" is indicated by a 
combination of a write value "0" of an upper cell (bitline 
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BLl side) and a write value "0" of a lower cell (bitline 
BLO side) . The write data state of each cell is set 
depending on a power applying time which is defined by an 
overlap of the positive logic write pulse H supplied to 
5 word line WL and the negative logic write pulses LO, LI 
supplied to bit lines BLO, BLl. To write a logic "0" into 
a cell, use a short power application time, thereby 
setting the cell in its high resistance state; to write 
"1" into the cell, use a long power application time, 

10 thereby setting the cell in its low resistance state. 

According to the pulse application of Fig. 47, in the 
case of writing data "00", the upper and lower cells both 
exhibit the short power application time so that these 
become in the high resistance state together. In the case 

15 of data state "01", the upper cell is with the short power 
application time whereas the lower cell is with the long 
power application time; thus, the upper cell becomes in 
the high resistance state with the lower cell in the low 
resistance state. In the case of data state "10", the 

20 upper cell is with the long power application time whereas 
the lower cell is with the short power application time; 
thus, the upper cell becomes in the low resistance state 
with the lower cell in the high resistance state. In the 
case of data state "11" write, both the upper cell and the 

25 lower cell become longer in power application time so that 
both of them become in the low resistance state. 

Fig. 48 shows a practically implemented configuration 
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of a multivalue data write circuit 200 based on the 
combination of the long and short pulses stated above. 
The write circuit 200 has a pulse generation circuit 200a 
operable to generate pulses with two types of pulse widths, 

5 and a logic gate circuit 200b which generates the positive 
logic write pulse H and negative logic write pulses LO, LI 
by combining the pulses obtainable from this pulse 
generator circuit 200a. An original pulse generation 
circuit 101 generates an original pulse (positive logic 

10 pulse) PO with a pulse width TO. By inputting this pulse 
PO and a pulse which is delayed by a delay circuit 102 to 
an AND gate 103, a positive pulse PI with a pulse width Tl 
is generated, which is shorter by a degree equivalent to 
the delay of such delay circuit. 

15 By selecting a proper overlap of these two pulses PO, 

PI in accordance with the data to be written, let the 
negative logic write pulses LO, LI and the positive logic 
write pulse H generate with the required pulse widths 
respectively. Here, CI, CO are equivalent to the upper 

20 level bit and lower level bit of multivalue data described 
previously. Owing to the use of an OR gate 105 for 
digitally computing a logical sum of CI, CO and an AND 
gate 104 for digital calculation of a logical product of 
its output and the pulse PO, the pulse PO becomes the 

25 positive logic write pulse H when at least one of CO, CI 
is at "1". When both of CI, CO are "0", the AND gate 104 
becomes off; thus, the pulse PI becomes the pulse H 



51 



through the OR gate 109. This positive logic write pulse 
is given to the word line WL. 

Additionally, with the use of NAND gates 106, 107 to 
which CI, CO and the pulse PO are input respectively and 
5 also AND gates 108, 110 for providing a product of their 
outputs and an inverted signal of the pulse PI, negative 
logic write pulses with their pulse widths whose exact 
lengths are determined in accordance with "1", "0" of CI, 
CO are to be given to the bit lines BLl, BLO . 

10 Next, in regard to the case of 8 -value storage using 

the 3 -layer cell arrays MAO -MAI shown in Fig. 34, the way 
of write pulse application based on a similar technique to 
that in the case of 4 -value storage is shown in Fig. 49. 
The 8 -value data "xxx" is indicated by possible 

15 combinations of the write value of a cell in the upper 
cell array MA2, the write value of a cell in the 
intermediate cell array MAI, and the write value of a cell 
in the lower cell array MAO. The waveforms of write 
pulses which are given to a word line WLl at the uppermost 

20 part, a bit line BLl shared by the cell arrays MA2, MAI, a 
word line WLO shared by the cell arrays MAI, MAO and a bit 
line BLO of the lowermost layer are as shown in Fig. 49. 

The write pulses of Fig. 49 may be created by 
providing an extended version of the write circuit 200 of 

25 Fig. 48 and by logically combining long/ short pulses in a 
way similar to that stated supra. Unfortunately, the data 
states "101" and "111" are unavoidable to undergo 
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degeneracy with unwanted equalization of the pulse widths 
as shown in Fig. 49. In order to write all the 8 -value 
data items into a multivalue cell while setting every 
items in different states, the circuit of Fig. 48 is not 
5 simply employable. 

In contrast, Fig. 50 shows a write pulse generation 
scheme with the above -stated degeneracy avoided. This 
eliminates any possible degeneracy by a method having the 
steps of making, as the positive and negative logic pulses, 

10 two types of pulses which are the same in pulse width and 
yet different in time difference from each other, 
selectively combining them in a way corresponding to the 
data to be written, and controlling the power pulse that 
is effectively applied to a respective one of multivalue 

15 cells. Practically, make pulses each of which has a delay 
to the original pulse with a long pulse width, in which 
the delay has a pulse width almost half of the original 
pulse width; then, utilize a combination of these pulses. 
And, as shown in Fig. 50, with the negative logic write 

20 pulse LO to be given to the lowermost layer bit line BLO 
as a reference, let this pulse be delayed by the half 
pulse width or be exactly in phase with the reference 
pulse to thereby generate the positive and negative logic 
write pulses HI, HO and LI which are given to the word 

25 lines WLl, WLO and bit line BLl, respectively. 

As shown in Fig. 50, all the 8 -value data are 
properly represented as to have different pulse-overlap 
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states from each other. Fig. 51 is a configuration of a 
write circuit 200 which produces such write pulses. This 
write circuit 200 is configured from a pulse generator 
circuit 200a which generates two types of pulses that are 
the same in pulse width and different in delay amount from 
each other, and a logic gate circuit 200b which generates 
any required write pulses by combination of such two types 
of pulses. 

An original pulse generator circuit 201 is the one 
that generates a pulse PO with its pulse width TO, and a 
delay circuit 202 is a circuit which delays this pulse PO 
by about TO/2. Here, time TO is a time that the 
chalcogenide is possibly in its polycrystalline state when 
such time pulse is applied thereto, and TO/2 is chosen at 
about a specific length which causes it to be in its 
amorphous state; 

A negative logic pulse which is an inverted version 
of the output pulse PO of the original pulse generator 
circuit 201 by an inverter 203 becomes the reference pulse 
to be given to the bit line BLO . In the following, the 
relationship of the pulses being given to the word line 
WLO, bit line BLl and word line WLl with respect to the 
pulse of the bit line BLO is realized by execution of 
logical processing with C2, CI, CO indicative of 8-value 
write states (C2, CI, CO) . A set of AND gates 204, 205 is 
the one that selects whether an output pulse of the pulse 
generator circuit 201 or a delayed pulse by the delay 
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circuit 202 in accordance with "1", "0" of CO. Outputs of 
these AND gates 204, 205 are taken out through an OR gate 
210 to become a positive logic write pulse HO to be 
supplied to the word line WLO. 

Similarly, a set of AND gates 207, 206 is the one 
that selects whether the output pulse of the pulse 
generator circuit 201 or the delayed pulse by the delay 
circuit 202 in accordance with the logic of CO, CI by 
means of an EXOR gate 213. Whereby, the negative logic 
write pulse LI which is to be given to the bit line BLl is 
obtained via a NOR gate 211. A set .of AND gates 208, 209 
is the one that selects whether the output pulse of pulse 
generator circuit 201 or the delayed pulse by delay 
circuit 202 in accordance with the logic of CO, CI, C2 by 
means of EXOR gates 214, 215, wherein outputs of them are 
passed through an OR gate 212 to thereby obtain a positive 
logic write pulse HI being given to the word line WLl . 

As apparent from the foregoing, the method for 
delaying the write pulses depending upon the write data 
states is also applicable to the case of 4 -value storage 
stated previously. In other words, the pulse waveforms of 
Fig. 52 are usable in lieu of the pulse waveforms of 
Fig. 47. It can be seen that while the negative logic 
write pulses LO, LI to be supplied to the bit lines BL and 
the positive logic write pulse H being supplied to the 
word line are the same in pulse width, adjusting their 
overlaps in accordance with 4 -value data results in 
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application of write pulses to cells, which pulses have a 
similar pulse width relationship to that of Fig. 47. 

Fig. 53 shows a write circuit 200 which realizes the 
write pulses of Fig. 52. This is the same in 
5 configuration as the write pulse generator unit which is 
used in the write circuit 200 in Fig. 51 and is 
operatively associated with the bit line BLO, word line 
WLO and bit line BLl . 

Further, based on the similar principles. Fig. 54 

10 shows write pulse waveforms in the case of 16 -value 

storage by use of the 4-layer cell arrays shovm in Fig. 40. 
The write data states of 16 values are indicated by the 
write value of a cell in the fourth cell array MA3, the 
write value of a cell in the third cell array MA2, the 

15 write value of a cell in the second cell array MAI, and 

the write value of a cell in the first cell array MAO. In 
this case also, the negative pulse with respect to the 
lowermost layer bit line BLO becomes a reference. The 
pulses of word lines WLO, WLl and bit lines BLl, BL2 are 

20 capable of representing all the 16 values by generating in 
combination of the original pulse and its delayed pulse. 

Fig. 55 shows a write circuit 200 for generation of 
write pulses such as those of Fig. 54. Its main part 
configuration is similar to that of Fig. 51; in addition 

25 thereto, AND gates 215, 216 and a NOR gate 217 are 

provided as a pulse generation unit relative to a bit line 
BL2. In accordance with the bit data CO, CI, C2, C3 of 
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16 -value data to be written, that are input to each AND 
gate set (204, 205), (206, 207), (208, 209) and (215, 216), 
make adequate logic output signals CO', CI', C2', C3'; 
thus, it is possible to obtain the write pulses of Fig. 54. 

5 As described above, in the memory cells for storing 

therein the chalcogenide ' s crystalline state and amorphous 
state as data, it is possible to perform data read and 
write operations based on the level of a current flowing 
between a word line and a bit line, and also possible to 

10 perform any intended read and/or write by controlling the 
level of a voltage between word and bit lines. In the 
embodiments stated supra, the current detection scheme was 
used for data reading. In addition, for data writing in 
the case of performing multivalue storage by use of a 

15 plurality of cell arrays, such the technique was employed 
that performs "0", "1" write based on the write pulse 
application time of each cell which stores multivalue data 
therein. By setting a cell in its molten state by pulse 
application of a short time and thereafter cooling it off, 

20 the cell becomes data "0" of the high resistance state. 
In other words, if the pulse application time is short, 
then the cool-off after melting is fast resulting in 
establishment of an amorphous high-resistance state. When 
performing pulse application for a longer time, the cell 

25 becomes data "1" in a polycrystalline low-resistance state. 

However, with the above-described write principles, 
the resistance values that are different in order of 
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magnitude or "digit" from one another are used; for this 
reason, a significant difference can take place in 
voltage — or current, thus energy — ^being applied to a cell 
during writing in a way depending on whether the data of 
5 the cell prior to writing is "0" or "1". This will be 
explained by use of Fig. 56. As shown in Fig. 56, assume 
that a voltage V is given in parallel to a cell of data 
"0" (denoted by resistor RO) and a cell of data "1" 
(resistor Rl) through load resistors r, respectively. The 

10 resistance RO is sufficiently larger in resistance than 
the resistance Rl . Letting a resistance ratio of them be 
m=RO/Rl, suppose that the load resistance is r=b-Rl. 

At this time, an all -cell current I is represented by 
Equation (1) which follows: 

15 I={l/(b+m) + l/(b+l)}V/Rl ... (1) 

Power consumptions PO, PI of the resistors RO, Rl are 
given by the following Equations (2) , (3) , respectively: 
PO = {m/ (b+m)^}vVRl ... (2) 
P1={1/ (b+l)^}vVRl ... (3) 

20 By taking account of the above points, a careful 

consideration is required to write pulse designs in order 
to realize the so-called overwrite, which writes any 
desired data without depending upon the initial state of a 
cell. More specifically, in order to set the cell in its 

25 high resistance state, heat at least part of the 

chalcogenide of such cell up to its molten state or 
therearound, irrespective of whether the cell's original 
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data is "0" or "1"; thereafter, rapidly cool it down. To 
do this, it is preferable to give a large power at a heat 
at the beginning of a short pulse application time period. 
In the case of setting the cell in its low resistance 
5 state, a relatively long pulse application time is used, 
and maintain it in a high temperature state without bring 
the cell in the molten state. With such procedure, it is 
possible to permit polycrystallization of the cell which 
has been in its amorphous state. 

10 Fig. 57 shows a write pulse voltage raising or 

"boosting" circuit 250 which is preferable for realization 
of the above-described data writing. Here, there is shown 
a pair of positive pulse booster (PP-BOOST) circuit 250a 
and negative pulse booster (NP-BOOST) circuit 250b, which 

15 circuits are selectively boost the positive and negative 
write pulses H, L which are output from the write circuit 
200 for multivalue storage as has been explained in the 
previous embodiment (s) under certain conditions, 
respectively. The positive logic write pulse H and 

20 negative logic write pulse L are selectively increased in 
potential by these booster circuits 250a, 250b and then 
supplied through signal lines WPi j , BPij to presently 
selected word line WL and bit line BL, respectively. 

Negative logic pulses LI, L2 which are input to the 

25 positive pulse booster circuit 250a together with the 
positive logic pulse H are shown as those which are 
supplied to bit lines of the upper and lower cell arrays 
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which share a word line to which the positive logic pulse 
H is supplied. Similarly, positive logic pulses HI, H2 
which are input to the negative pulse booster circuit 250b 
along with the negative logic pulse L are shown as the 
5 ones that are supplied to word lines of the upper and 
lower cell arrays sharing the bit line to which the 
negative pulse L is given. 

The positive and negative pulse booster circuits 250a, 
250b each have capacitors CI, C2 which are used for 

10 potentially boosting the signal lines WPi j , BPij through a 
charge-pump operation. Reset-use NMOS transistors QNIO 
and PMOS transistor QPIO are provided at the respective 
nodes N12, N22 of the capacitors CI, C2 on the signal line 
WPi j , BPij sides thereof, which transistors are for 

15 holding them at Vss and Vcc respectively in the non-select 
state. These reset transistors QNIO, QPIO are such that 
upon generation of the positive logic write pulse H and 
negative logic write pulse L, they are driven by these 
pulses respectively to thereby turn off. Diodes D12, D22 

20 are connected to the nodes N12, N22, for charging the 
capacitors CI, C2 up to a level of the positive logic 
pulse H (for example Vcc) , a level of the negative logic 
pulse L (for example Vss) , respectively. The nodes N12, 
N22 are connected to the select lines WPi j , BPij through 

25 diodes D13, D23 for use as transfer elements, respectively. 
Connected to these select lines WPi j , BPij are diodes Dll, 
D21 which are used to give thereto the positive logic 
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write pulse H and the negative logic write pulse L when 
selected. In the nonselect state, the nodes Nil, N21 of 
the other of the capacitors CI, C2 are arranged to stay at 
Vss and Vcc in response to receipt of outputs of an AND 
5 gate 254a and an OR gate 254b, respectively. 

In the positive pulse booster circuit 250a, a pulse 
H' that is delayed with a certain time from the positive 
logic pulse H enters one input terminal of the AND gate 
254a; regarding the other input terminal, an overlap state 

10 of the positive logic pulse H and negative logic pulses LI, 
L2 is detected by an AND gate 251a and a NOR gate 252a; 
then, its result is input via a delay circuit 253a. In 
the negative pulse booster circuit 250b, a pulse L' that 
is delayed with a certain time from the negative logic 

15 pulse L enters one input terminal of the OR gate 254b; as 
for the other input terminal, an overlap state of the 
negative logic pulse L and positive logic pulses HI, H2 is 
detected by an OR gate 251b and a NAND gate 252b; then, 
its result is input via a delay circuit 253b. Let the 

20 delay time of the delay circuit 253a, 253b be almost the 
same as the width T of each write pulse. 

An operation of the pulse booster circuit 250 thus 
arranged will be explained using Fig. 58. In the 
nonselect state in which none of the positive and negative 

25 write pulses are generated, in the positive pulse booster 
circuit 250a, the output of the AND gate 254a is at Vss. 
When the positive logic pulse H is generated, the node N12 
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of the capacitor CI is charged by the diode D12 up to Vcc. 
Similarly in the nonselect state, in the negative pulse 
booster circuit 250b, the output of the OR gate 254b is at 
Vcc. When the negative logic pulse L is generated, the 
5 node N22 of the capacitor C2 is charged by the diode D22 
at Vss. 

As shown in Fig. 58, in such a case that the positive 
logic write pulse H with its pulse width T and the 
negative logic write pulses LI, L2 with the same pulse 

10 width T are generated simultaneously, in the positive 
pulse booster circuit 250a, the output of AND gate 254a 
holds the low level Vss so that the charge of capacitor CI 
is not discharged in any way. And, the positive logic 
write pulse H is simply given directly to the signal line 

15 WPij through the diode Dll. In such a case that the 

negative logic write pulse L with the pulse width T and 
either one of the positive logic write pulses HI, H2 with 
the same pulse width T are generated simultaneously, in 
the negative pulse booster circuit 250b, the output of OR 

20 gate 254b holds the high level Vcc so that any charge is 
hardly discharged, resulting in the negative logic write 
pulse L being supplied directly to the signal line BPij 
via the diode D21. In brief, in these cases, the charge 
pump portion of any one of the pulse booster circuits 250a, 

25 250b is made inactive, and thus no pulse boost operations 
are available. 

Next, in such a case that the positive logic write 
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pulse H is generated so that it is delayed relative to the 
negative logic write pulses LI and L2 by the half T/2 of 
the pulse width thereof, a positive-direction boost 
operation of the positive logic write pulse H at the 
5 positive pulse booster circuit 250a is performed. More 
specifically, in the positive pulse booster circuit 250a 
at this time, two inputs of the AND gate 254a become at 
the high level Vcc simultaneously for a time period as 
determined by the delay circuit 253a after the positive 

10 logic pulse H has become at its high level. Upon receipt 
of this, the output of AND gate 254a becomes "H" — that is, 
the potential level of the node Nil of capacitor CI 
becomes Vcc; therefore, the node N12 is potentially 
boosted to greater than Vcc, causing this to be 

15 transferred through the diode D13 to the signal line WPij . 
In summary, the positive logic write pulse H to be given 
via the diode Dll is potentially raised by the pumping 
action of the capacitor CI and is then given to the signal 
line WPij . If the relationship between the positive logic 

20 write pulse HI or H2 and the negative logic write pulse L 
is similar, then there is no such boost operation in the 
negative pulse booster circuit 250b. 

Next, in such a case that the negative logic write 
pulse L is generated so that this pulse is delayed to the 

25 positive logic write pulses HI, H2 by the half T/2 of the 
pulse width thereof, a negative-direction boost operation 
of the negative logic write pulse L at the negative pulse 
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booster circuit 250b is performed. More specifically at 
this time, in the negative pulse booster circuit 250b, two 
inputs of the OR gate 254b become at the low level Vss 
simultaneously for a time period as determined by the 
5 delay circuit 253b after the negative logic pulse L 

becomes at its low level. Whereby, the node N22 of the 
capacitor C2 potentially drops down to less than Vss, 
causing this to be sent toward the signal line BPij via 
the diode D23. In short, the negative logic write pulse L 

10 that is given via the diode D21 is boosted in the negative 
direction by the capacitor C2 ' s pumping action and is then 
given to the signal line BPij . If the relationship 
between the positive logic write pulse H and the negative 
logic write pulses LI and L2 is similar, then such boost 

15 operation is unavailable in the positive pulse booster 
circuit 250a. 

The pulse width T of the positive and negative logic 
write pulses H, L shown in Fig. 58 is the pulse 
application time required for "1" data writing. As 

20 described above, a boosted positive or negative pulse with 
its pulse width almost equal to T/2, which is obtained by 
control of an overlap state of the pulses H or L, is given 
to a word line or a bit line required for "0" data write. 
Therefore, using the pulse booster circuit 250 of Fig. 57 

25 makes it possible to boost, through pumping operations, 
either the high level or the low level of the short pulse 
application time required for "0" data write. Thus, 
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assembling such the pulse boost circuit 250 into the write 
circuit makes it possible to reliably perform "0" data 
write without depending upon the original data state. 
Although practical examples of the write circuit 
5 equipped with the pulse booster circuit stated above will 

V 

be explained in such a manner that an example which is 
applied to multivalue storage utilizing three-dimensional 
{3D) multilayer cell arrays comes first, it would be 
readily appreciated that the pulse boost circuit should 

10 not be limited in application to such multivalue storage 
and may also be applied to the case of performing two- 
value or binary data storage by means of a two-dimensional 
(2D) cell array. 

While the 3D multilayer cell arrays as has been 

15 explained in the previous embodiments enable achievement 
of a large capacity of memory, it is preferable that 
certain consideration is taken to the data processing 
architecture in connection with 3D cell accessing 
techniques. As an example thereof, an embodiment which 

20 makes up 3D cell blocks preferable for data searches will 
next be explained below. 

Fig. 59 shows a configuration scheme of cell blocks 
each for use as a unit of data access, with respect to a 
three-dimensional (3D) cell array 500 which consists 

25 essentially of the four layers of MA0-MA3 shown in Fig. 40. 
In Fig. 59, the 3D cell array 500 is shown as a 
rectangular solid body, wherein this cell array block 500 



is such that a plurality of cell blocks 501 are 
partitioned by virtual boundary lines A, B which extend 
vertically to the upper surface of it and cross or 
intersect each other at right angles. Here, an example is 
5 shown in which a single cell block 501 is defined as a 
rectangular structure which includes sixteen bit lines 
within a range as interposed by equally spaced virtual 
boundaries A extending in parallel to bit lines BL and 
also includes eight word lines in a range interposed by 
10 equal -spaced virtual boundaries B parallel to the word 

■ 

lines. Accordingly, the cell block 501 becomes a 3D 

assembly of 4x4x4=64 cells. 

In Fig. 59, the bit lines BL and word lines WL are 

shown merely relative to one cell block 501 which is 
15 indicated by oblique lines. BLOO to BL03 are the bit 
lines of a first layer cell array MAO; BL10-BL13 are 
shared bit lines of a second layer cell array MAI and a 
third layer cell array MA2; and, BL20-BL23 are the bit 
lines of a fourth layer cell array MA3 . In addition, WLOO 
20 to WL03 are shared word lines of the first layer cell 

array MAO and the second layer cell array MAI; WL10-WL13 
are shared word lines of the third layer cell array MA2 
and the fourth layer cell array MA3 . 

Figs. 60 and 61 show configurations of a bit line 
25 selecting circuit 50a and a word line selecting circuit 
50b of the cell block 501 thus defined in this way, 
respectively. The bit line selector circuit 50a has NMOS 



66 



transistors QN00-QN03 for connecting the bit lines BLOO- 
BL03 to select lines BP00-BP03 respectively, NMOS 
transistors QN10-QN13 for connecting the bit lines BLIO- 
BL13 to select lines BP10-BP13 respectively, and NMOS 
5 transistors QN20-QN23 for connecting the bit lines BL20- 
BL23 to select lines BP20-BP23 respectively. The gates of 
these NMOS transistors are commonly driven together by a 
select signal BS. The select signal BS is activated by an 
AND gate GIO to become "H" . Whereby, it is possible to 

10 supply the required negative logic write pulse to each bit 
line BLij through a select line BPij and via its 
associative on-state NMOS transistor QNij in its own way. 

The word- line selector circuit 50b has PMOS 
transistors QP00-QP03 for connecting the word lines WLOO- 

15 WL03 to select lines WP00-WP03 respectively and PMOS 

transistors QP10-QP13 for connecting the word lines WLIO- 
WL13 to select lines WP10-WP13 respectively. The gates of 
these PMOS transistors are commonly driven together by a 
select signal /WS. The select signal /WS is activated by 

20 a NAND gate G20 to become "L" . Thus it is possible to 
supply the necessary positive logic write pulse to each 
word line WLij through a select line WPij and via its 
associative turned-on PMOS transistor QPij in its own way. 
The select line BPij of Fig. 60 is provided and 

25 disposed in common for a plurality of cell blocks in a 

direction perpendicular to the bit lines. The select line 
WPij of Fig. 61 is provided in common for a plurality of 
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cell blocks in an orthogonal direction to the word lines. 
Accordingly, it is possible to perform scanning of the bit 
lines and/or word lines within the cell block, by 
selecting any desired cell block with the AND gate GIO of 
5 Fig. 60 and the NAND gate of Fig. 61 as a block decode 
circuit and by using the negative logic write pulse and 
positive logic write pulse which are given to the select 
lines BPi j , WPi j , respectively. 

Although omitted in the selector circuits 50a, 50b of 

10 Figs. 60 and 61, reset transistors are provided for 

holding each bit line and word line at the high level Vcc 
and low level Vss in the nonselect state, respectively, as 
shown in Fig. 29 as an example. 

Practically, as the form of data processing utilizing 

15 this cell block configuration, three modes for performing 
a cell block data search are shown in Figs. 62-64. 

Fig. 62 shows a first data search mode. In this mode, 
4 bits of multivalue information which are obtainable by 
simultaneous selection of one of the word lines WL10-WL13 

20 of the uppermost layer of a cell block along with four bit 
lines BL20-BL23 of the uppermost layer is handled as key 
string information, that is, identifier information as 
preset for a content search. While holding these four bit 
lines BL20-BL23 in the select state, sequentially set the 

25 uppermost layer word lines WL10-WL13 in the select state, 
whereby it is possible to conduct a search of content 
reference data by scanning the key string. Once the key 
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string information is coincided (hit) with the preset data, 
data may be read out in accordance with the data structure 
within the cell block. 

In Fig. 62, it is assumed that the required data is 
present in the cells immediately beneath the hit position; 
and, a process for sequentially accessing these cells is 
shown herein. The way of setting the key string at the 
uppermost layer is a mere example: the string may be set 
in any one of the layers involved. Also, regarding the 
way of accessing for readout the data within the cell 
block in the hit event, a variety of ones are selectable 
in relation to a sense amplifier configuration used. In 
brief, the within-the-cell-block data access method is 
determinable depending upon how sense amp circuitry is 
connected to each-cell-block-common select lines BPi j , 
WPij connected to the word and bit lines within the cell 
block. 

Fig. 63 shows a second data search mode. In this 
mode, conduct a data search by selecting one from among 
the bit lines BL20-BL23 of the uppermost layer of the cell 
block, simultaneously selecting four word lines WL10-WL13 
of the uppermost layer, and then simultaneously read 4 
bits of multivalue information as the key string 
information. While holding the four word lines WL10-WL13 
in the select state, sequentially set the bit lines BL20- 
BL23 of the uppermost layer in the select state and then 
scan the key string, thus making it possible to search the 
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content reference data. When the key coincides, then read 
data in accordance with the data structure within the cell 
block. 

Fig. 63 assumes that requisite data is present in the 
5 cells immediately underlying the hit position to show a 
procedure for accessing these cells sequentially. Setting 
the key string at the uppermost layer is a mere example, 
and this may be set in any one of the layers. 
Additionally, regarding the technique for accessing for 
10 readout the data within the cell block in the hit event, a 
variety of ones may be selected in relation to the sense 
amp configuration used. This is the same as the case of 
Fig. 62. 

Fig. 64 shows a third data search mode. In this mode, 
15 conduct a data search by simultaneously reading as the key 
string information that are 4 bits of mult lvalue 
information selected by three bit lines in the cell block 
stack direction (thickness direction) and two word lines 
in the same stack direction. For example, while retaining 
20 three bit lines BLOO, BLIO, BL20 in the select state, 

sequentially set pairs of multilayer-direction word lines 
(WLOO, WLIO) , (WLOl, WLll) , (WL02, WL12) , (WL03, WL13) in 
the select state and then scan the key string to thereby 
enable execution of a search for the content reference 
25 data. Whenever the key exhibits a coincidence, read data 
in accordance with the data structure within the cell 
block. 
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Fig. 64 assumes that requisite data is present at 
cells which are aligned in the word- line direction at the 
hit position and shows a procedure for secjuentially 
accessing these cells. The way of setting the key string 
5 at which cross-sectional position of the cell block is 
mere optional matter. Also regarding how to access for 
readout the data within the cell block in the hit event, a 
variety of methods may be selected in relation to the 
sense amp configuration used. This is the same as the 

10 cases of Figs. 62 and 63. 

As apparent from the foregoing, in the example above, 
each cell block is structured from 64 cells and is capable 
of simultaneously scanning and reading data in units of 4 
bits at a time. With the use of such cell block 

15 arrangement, it is possible to achieve the content 

reference memory that performs data storage in the form of 
4 -bit 16 -value data while offering enhanced data 
searchability with reduced complexities. Data writing is 
such that free write is enabled by appropriately designing 

20 the way of giving write pulses to the select lines BPi j , 
WPij . For example, it is possible to make up an image 
memory which is easy in mask write for partial 
modification of image data or the like. 

When such the cell block is arranged in this way, 

25 sense amplifier circuits are provided between the 

respective select lines BLij and WLij which are provided 
in common for a plurality of cell blocks in Figs. 60 and 
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61. Practically, the sense amplifier circuit shown in 
Fig. 30 or Fig. 42 is used with no specific changes added 
thereto. In the case of performing simultaneous 4 -bit 
reading within the same layer, the sense amp circuit of 
Fig. 3 0 may be provided on a per-cell basis. In the case 
of simultaneously reading 4 cells which belong to 
different layers, the sense amp circuit of Fig. 42 is 
employable in view of the fact that the word lines and bit 
lines are shared among such four cells. 

Fig. 65 shows a configuration of a write circuit 200 
which is applied in the case of using the search mode of 
Fig. 64 in the above-stated cell block 501. A principal 
or core part of this write circuit 200 is the same as that 
of Fig. 55 used in the case of performing 16 -value storage 
by means of the three- layer cell arrays stated previously. 
Positive logic write pulses HOn and Hln are the ones that 
are supplied to word lines through select lines WPi j ; 
Negative logic write pulses LOn, Lin and L2n are supplied 
to bit lines via select lines BPij . Here, suffix "n" is 
indicative of the position of four bit lines aligned in 
the wordline direction within the cell block 501 of 
Fig. 64, where n=0 to 3. 

The positive logic write pulses HOn, Hln and the 
negative logic write pulses LOn, Lin, L2n correspond to 
the positive logic write pulses HO, HI and the negative 
logic write pulses LO, LI, L2 shown in Fig. 54, 
respectively. All of these pulses are with a constant 
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pulse width, and selecting an overlap state thereof 
results in a substantially short pulse width at the 
portions of "0" data, thereby enabling achievement of 16- 
value data writing. 

And in Fig. 65, the pulse booster circuit 250 which 
has been explained in Fig. 57 is added in order to 
selectively boost each write pulse in accordance with the 
data state. More specifically, positive pulse booster 
circuits 250a are added with respect to the positive logic 
write pulses HOn, Hln respectively; negative pulse booster 
circuits 250b are added relative to the negative logic 
write pulses Lin, L2n respectively. The negative logic 
write pulse LOn for use as a reference is directly 
transferred to a signal line BPOn without via any voltage 
booster circuit. 

An "L" input indicated at the negative pulse booster 
circuit 250b with respect to the negative logic write 
pulse L2n is for giving either one of the two negative 
logic write pulses LI, L2 shown in Fig. 57 as "L"-fixed 
data because of the absence of any further overlying 
layer's cell array. The result of addition of such pulse 
booster circuit 250 is that the pulse waveforms of the 
select lines WPOn, WPln and BPOn, BPln, BP2n, to which the 
positive logic write pulses HOn, Hln and negative logic 
write pulses LOn, Lin, L2n are transferred respectively, 
are as shown in Fig. 66. As apparent from comparison with 
Fig. 54, the initial portions within the width of the 
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positive logic write pulses and negative logic write 
pulses are selectively boosted in connection with the 
relationship relative to the widths of upper and lower 
pulses. More specifically, the positive logic write 
5 pulses HOn, Hln, which are given to the select lines WPO, 
WPln coupled to the word lines WLO, WLl, are such that 
when a delay of half pulse width occurs with respect to 
two negative logic write pulses being sent to bit lines 
putting these word lines therebetween, their first half 

10 rise-up portions are boosted in the positive direction. 

The negative logic write pulses Lin, L2n that are given to 
the select lines BPln, BP2n coupled to the bit lines BLl, 
BL2 are such that when a delay of half pulse width occurs 
with respect to the positive logic write pulse being given 

15 to either one of these upper and lower bit lines, their 
first half fall-down portions are boosted in the negative 
direction. 

With such an arrangement, significant energy is given 
to a "0" data-written cell in the case of mult lvalue 

20 storage within a short pulse application time period; thus, 
it is possible to perform "0" write reliably without any 
failures. During "1" write based on a long pulse width, 
at least second half part of such pulse width stays less 
in current amount so that the cell is no longer cooled off 

25 rapidly. Thus, annealing is done to obtain the 
crystalline state . 

In the embodiments discussed above, there have been 
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explained the multilayer cell array structures of phase- 
change memory which facilitate achievement of stacked 
cells and higher densities by use of diodes — in particular, 
Schottky diodes — as selector elements, and further the 
5 multivalue phase-change memory using stacked cell arrays. 
However, a multivalue memory is also useful for 
achievement of a substantially large capacity of memory 
without the use of stacked cell arrays. Exemplary 
configurations of such multivalue phase -change memory will 

10 be explained below. 

Fig. 67 shows a configuration example of a 16-value 
memory with four phase-change layer-made variable 
resistive elements VR being commonly connected together to 
a word line WL through a select transistor QPIO. The 

15 variable resistive elements VR are connected at one-end 
terminals to bit lines BL0-BL3, respectively. Here, the 
select transistor QPIO is a PMOS transistor as driven by a 
select signal /WS, which stays at "H" at the time of non- 
selection. 

20 With the use of this configuration, data read is 

performed by turning the select transistor QP on, letting 
a current flow between the word line WL and each bit line 
BL0-BL3, and then detecting the respective currents of the 
bit lines. By combining the high resistance state (data 

25 "0") and low resistance state (data "1") of the variable 
resistive elements VR, sixteen different values are 
representable . 
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Data write is performed, as shown in Fig. 68, in such 
a manner that during on- state of the select transistor 
QPIO, data bits "1", "0" are written depending on the 
overlap width of a positive logic pulse being given to the 
5 word line WL and a negative logic pulse being given to 
each bit line BL0-BL3. The example of Fig. 68 shows the 
case of writing "0", "1", "0", "1" into the cells of bit 
lines BLO, BLl, BL2, BL3 respectively by giving negative 
logic pulses with a pulse width almost half of that of the 

10 positive logic pulse to the bit lines BLO, BL2 while 

giving negative logic pulses with the same pulse width as 
the positive logic pulse to the bit lines BLl, BL3 . 

Fig. 69 shows a layout of the multivalue cells shown 
in Fig. 67. Fig. 70 shows its cross-sectional view taken 

15 along line I-I'. Using an n-type silicon substrate 300, a 
PMOS transistor QPIO is formed which has a gate electrode 
302 and source/drain diffusion layers 303, 304. The gate 
electrode 302 becomes a select signal line. The surface 
in which the transistor QPIO is formed is covered with an 

20 interlayer dielectric film 305, in which contact holes are 
defined for burying therein four metal plugs 306 which are 
connected to the source diffusion layer 303. Further; a 
chalcogenide layer 3 07 is formed on this interlayer 
dielectric film 305, on which layer bit lines 308 are 

25 formed. The bit lines 308 are covered with an interlayer 
dielectric film 309, on which word lines are formed 
including a word line 310 connected to the drain diffusion 
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layer 304. 

The multivalue memory of Fig. 67 may alternatively be 
arranged by use of a diode SD in place of the select 
transistor QP as shown in Fig. 71. In particular, when 
5 letting the diode SD be a Schottky diode to be formed by 
using a semiconductor film, it is also possible to readily 
form a structure with this multivalue cell array stacked 
over others while using an electrically insulative 
dielectric substrate in the way as explained previously. 

10 Fig. 72 shows an exemplary structure with the 

multivalue cell array of Fig. 71 stacked over others, and 
Fig. 73 shows an equivalent circuit of such stacked 
structure. Cell arrays MAO, MAI are stacked above a 
silicon substrate 400 covered with a dielectric film 401 

15 while sharing bit lines (BL) 408. The lower cell array 
MAO has word lines (WLO) 402a formed on the dielectric 
film 401, more than one diode SD formed thereabove by a 
semiconductor film, and bit lines 408 formed thereover. 
Four bit lines 408 share the diode SD. 

20 The diode SD is formed of an n-type silicon layer 

404a and a metal electrode 403a for forming a Schottky 
barrier. An n'^-type layer 405a is formed at the surface 
of n-type silicon layer 404a; and further, an ohmic 
electrode 406a is formed. On this diode SD, a 

25 chalcogenide layer 407a is formed, and a plurality of bit 
lines (BL) 408 are formed on this chalcogenide layer 407a. 
The numerals of corresponding parts of the upper and lower 
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cell arrays MAO, MAI are added "a", "b" for distinguishing 
over each other; thus, while a detailed explanation is 
eliminated herein, the upper cell array MAI is formed 
which is opposite in layer stacking order to the lower 
5 cell array MAO and which shares the bit lines. 

With the employment of the stacked structure above, 
it is possible to achieve an extra-large capacity of 
memory. It is also possible by developing the stacked 
structure of Fig. 72 to stack or multilayer a third cell 

10 array which shares the word lines 402b; furthermore, it is 
possible by repeated use of similar stacked layers to 
obtain multilayer cell array stacked structures. 

Fig. 74 is an example which simply further stacks the 
multivalue cell array of Fig. 71 without causing the bit 

15 lines or word lines to be shared between layers. Although 
the numerals at corresponding portions of the upper and 
lower cell arrays MAO, MAI are added "a", "b" for 
distinguishing from each other, the both are isolated from 
each other by an interlayer dielectric film 410 and 

20 stacked in the same film stack order. With this 

multilayer structure also, it is possible to realize a 
large capacity of memory. 

[Industrial Applicability] 
25 It has been stated that according to this invention, 

the phase- change memory capable of achieving high 
performances and high densities is obtained. 
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